From the current ATLAS and CMS results on Higgs boson mass and decay rates, the NMSSM is obviously better than the MSSM. To explain the fine-tuning problems such as gauge hiearchy problem and strong CP problem in the SM, we point out that supersymmetry does not need to provide a dark matter candidate, i.e., R-parity can be violated. Thus, we consider three kinds of the NMSSM scenarios: in Scenarios I and II R-parity is conserved and the lightest neutralino relic density is respectively around and smaller than the observed value, while in Scenario III R-parity is violated. To fit all the experimental data, we consider the χ 2 analyses, and find that the Higgs boson mass and decay rates can be explained very well in these Scenarios. Considering the small χ 2 values and fine-tuning around 2-3.7% (or 1-2%), we obtain the viable parameter space with light (or relatively heavy) supersymmetric particle spectra only in Scenario III (or in Scenarios I and II). Because the singlino, Higgsinos, and light stop are relatively light in general, we can relax the LHC supersymmetry search constraints but the XENON100 experiment gives a strong constraint in Scenarios I and II. In all the viable parameter space, the anomalous magnetic moment of the muon (g µ − 2)/2 are generically small. With R-parity violation, we can increase (g µ − 2)/2, and avoid the contraints from the LHC supersymmetry searches and XENON100 experiment. Therefore, Scenario III with R-parity violation is more natural and realistic than Scenarios I and II.
I. INTRODUCTION
The Higgs boson mass in the Standard Model (SM) is not stable against qunatum corrections and its square has quadratic divergences. Because the reduced Planck scale is about 16 order larger than the electroweak (EW) scale, there exists huge fine-tuning around 10 −32
to obtain the EW-scale Higgs boson mass. Supersymmetry is a symmetry between the bosonic and fermionic states, and it naturally solves this problem due to the cancellations between the bosonic and fermionic quantum corrections. In Minimal Supersymmetric SM (MSSM), the gauge couplings for SU (3) C , SU (2) L and U (1) Y gauge symmetries are unified at about 2 × 10 16 GeV [1], which strongly suggests Grand Unified Theories (GUTs). Unlike the SM, we can have the renormalizable superpotential terms that violate the baryon and lepton numbers, and then there may exist proton decay problem. To solve such problem, we usually introduce the R-parity under which the SM particles are even while the extra supersymmetric particles (sparticles) are odd. Thus, the lightest supersymmetric particle (LSP) like neutralino can be cold dark matter candidate [2, 3] .
However, there are strong constrains on the supersymmetry viable parameter space from the recent LHC supersymmetry searches [4] [5] [6] [7] [8] . For example, in the Minimal Supergravity (mSUGRA) model or Constrained MSSM (CMSSM), gluino mass should be larger than about 1.4 TeV and 850 GeV for squark masses around and much larger than gluino mass, respectively. Also, squarks (at least the first two generation squarks) must have masses larger than about 1.1 TeV from the ATLAS and CMS Collaborations at the LHC [4] [5] [6] [7] [8] .
Recently, the ATLAS and CMS Collaborations have announced the discovery of a Higgslike boson with mass around 126.5 GeV and 125.3 ± 0.6 GeV, respectively [9] [10] [11] . In the γγ final state, the ATLAS and CMS rates are roughly 1.9 ± 0.5 and 1.56 ± 0.43 times the SM prediction. In the ZZ → 4 channel, the ATLAS and CMS signals are roughly [12] [13] [14] [15] [16] . By the way, the new results from the CDF and D0 experiments [17] support the ∼ 125 GeV Higgs signal and suggest an enhancement relative to the SM of the W +Higgs with Higgs→ bb rate by a factor of 1.97
+0.74
−0.68 . But we will consider not it here since it is different from the ATLAS and CMS results. [12] [13] [14] [15] [16] . The possible model might be the light stau scenario [13] . Therefore, we shall consider the next to the MSSM (NMSSM) where an SM singlet field S is introduced. The points are the following: (1) We can increase the Higgs quartic coupling from the superpotential term On the other hand, the strong CP problem is another big fine-tuning problem in the SM.
From the experimental bound on the neutron electric dipole moment (EDM), the strong CP phase θ is required to be smaller than 10 −10 . An elegant and popular solution to the strong CP problem is provided by the Peccei-Quinn (PQ) mechanism [18] , in which a global axial symmetry U (1) P Q is introduced and broken spontaneously at some high energy scale. The axion a is a pseudo-Goldstone boson from the spontaneous U (1) P Q symmetry breaking, with a decay constant f a . The original is excluded by experiment, in particular by the non-observation of the rare decay K → π + a [20] .
There are two viable "invisible" axion models in which the experimental bounds can be evaded: the Kim-Shifman-Vainshtein-Zakharov (KSVZ) axion model [21] and the DineFischler-Srednicki-Zhitnitskii (DFSZ) axion model [22] . From laboratory, astrophysics, and cosmological constraints, the U (1) P Q symmetry breaking scale f a is constrained to the range 10 10 GeV ≤ f a ≤ 10 12 GeV [20] . Interestingly, for such f a range, the invisible axion can be a good cold dark matter candidate with correct relic density [20] .
Because axion can be the correct dark matter candidate, supersymmetry may only need to solve the gauge hiearchy problem and realize gauge coupling unification. Therefore, we consider three kinds of the NMSSM scenarios: in Scenario I, R-parity is conserved and the LSP neutralino relic density is around the observed value; in Scenario II, R-parity is conserved and the LSP neutralino relic density is smaller than the observed value; in Scenario III, R-parity is violated and then the LSP neutralino is not stable. In particular, Scenario III is very interesting since it can not only avoid the constraints from the LHC supersymmetry searches and XENON100 experiment [23] , but also may relax the other phenomenological constraints. Moreover, the proton decay problem can be solved by requiring the baryon or lepton number conservation [24] , or by requiring the minimal flavour violation [25] .
In this paper, we shall study the natural and realistic NMSSM. We first briefly review the naturalness condition in the SSMs and discuss the NMSSM with and without R-parity. To satisfy the phenomenological constraints and fit the experimental data, we consider the χ 2 analyses for all three kinds of Scenarios, and find that we can indeed explain the Higgs boson mass and decay rates very well. Considering the small χ 2 values and fine-tuning around 2-3.7%, we obtain the viable parameter space with light (e.g. less than around 900 GeV) supersymmetric particle spectra only in Scenario I. For the small χ 2 values and fine-tuning around 1-2%, we get the viable parameter space with relatively heavy (e.g. less than about 1.2 TeV) supersymmetric particle spectra. In particular, the best benchmark point has almost minimal χ 2 and 3.7% fine-tuning in Scenario III. The generic features for the viable parameter space with smaller χ 2 are that the light stop is around 500 GeV or smaller, the singlino and Higgsino are light chargino and neutralinos, the Wino-like chargino is heavy, and the Bino-like and Wino-like neutralinos are the second heaviest neutralino and heaviest neutralinos, respectively. Thus, we find that the LHC supersymmetry search constraints can be relaxed due to quite a few jets and/or leptons in the final states in Scenarios I and II, but the XENON100 experiment still gives strong constraint on the dark matter direct detection cross sections. Moreover, the correct dark matter relic density can be realized in Scenario I as well. In particular, tan β is not large and the second lightest CP-even Higgs particle is SM-like [14, 16] , which is helpful to increase the SM-like Higgs boson mass. However, the additional contributions to the anomalous magnetic moment of the muon (g µ − 2)/2 are smaller than three sigma low bound [26] in general due to relatively small tan β. As we know, with R-parity violation, we can escape the constraints from the LHC supersymmetry searches and XENON100 experiment, and the R-parity violation superpotential term(s) may increase the muon (g µ − 2)/2 and explain the neutrino masses and mixings. Therefore, Scenario III with R-parity violation is more natural and realistic than Scenarios I and II.
This paper is organized as follows. We explain the naturalness criteria in the SSMs in Section II. We present the NMSSM with and without R-parity in Section III, and the experimental constraints/data and numerical analyses in Section IV. Section V is our conclusion.
II. NATURALNESS CRITERIA IN THE SSMS
For the GUTs with gravity mediated supersymmetry breaking, the usual quantitative measure ∆ FT for fine-tuning is the maximum of the logarithmic derivative of M Z with respect to all the fundamental parameters a i at the GUT scale [27] 
In the following numerical calculations, we will use this definition to calculate the fine-tuning.
However, the above fine-tuning definition is a little bit abstract. Thus, we shall present the concrete bounds on the µ term, third-generation squark masses and gluino mass in the following [28, 29] . The SM Higgs-like particle h in the MSSM is a linear combintation of H 0 u and H 0 d . To simplify the discussion on naturalness, we can reduce the Higgs potential to
where m 2 h is negative. Minimizing the Higgs potential, we get the physical SM-like Higgs boson mass m h
So the fine-tuning measure can also be defined as [28] ∆ FT ≡ 2δm
For a moderately large tan
where µ is the supersymmetric bilinear mass between H u and H d , and m
2
Hu | tree and m
Hu | rad are the tree-level and radiative contributions to the soft supersymmetry-breaking mass squared for H u . Therefore, we obtain the following concrete bounds [29] :
• The upper bound on the µ term is µ 400 GeV m h 125.5 GeV
Thus, the µ term should be small than about 400 GeV for 5% fine-tuning. Consequncely, the charged and neutral Higgsinos will be light. In the NMSSM, we just change the µ term to the effective µ term µ eff ≡ λ S .
• The one-loop radiative corrections to m 2 Hu in the leading logarithmic approximation from the stop sector are
where y t is top Yukawa coupling, m Thus, one obtains
, andt 1 andt 2 are two stop mass eigenstates. Therefore, we obtain m
TeV. Also, we can require that the lighter sbottom mass be smaller than mt 2 , which is automatically satisfied via an simple mathematical proof.
• The two-loop radiative corrections to m 2 Hu in the leading logarithmic approximation from gluino are
where α s is the strong coupling, and M 3 is the gluino mass. Here, the contributions from the mixed A t M 3 term , which are relevant for large A-term, are neglected. Thus, the bound on gluino mass is
So the gluino mass is lighter than about 1.8 TeV.
Therefore, the natural MSSM and NMSSM should have relatively smaller (effective) µ term, stop masses as well as gluino mass. In this paper, we shall not only use Eq. (1) to calculate the numerical values of the fine-tuning, but also consider the following natural supersymmetry conditions:
• The µ term or effective µ term is smaller than 300 GeV.
• The squar root Mt ≡ m
of the sum of the two stop mass squares is smaller than 1.2 TeV. Consequencely, we can show that the light sbottom mass is smaller than mt 2 .
• The gluino mass is lighter than 1.5 TeV.
However, such kind of the natural MSSM and NMSSM might be excluded by the LHC supersymmetry searches and XENON100 dark matter direct detection. Thus, the R-parity violation might be needed for the natural MSSM and NMSSM, and then supersymmetry only needs to solve the fine-tuning problem and explain the gauge coupling unification.
III. THE NMSSM WITH AND WITHOUT R-PARITY
Let us explain the convention first. We denote the quark doublets, right-handed up-type quarks, right-handed down-type quarks, lepton doublets, and right-handed leptons as Q i ,
, and E c i , respectively. We denote the SU (3) C , SU (2) L , and U (1) Y gauginos as G a , W a , and B, respectively. To solve the µ problem in the MSSM, we introduce a SM singlet field S and consider the NMSSM with Z 3 symmetry which forbids the µ term. The superpotential in the NMSSM is
where y The supersymmetry breaking soft terms are
Similar to the MSSM, the Higgs sector of the NMSSM is described by the following six parameters λ , κ , A λ , A κ , tan β , µ eff .
And the supersymmetry breaking soft mass terms for the Higgs bosons m In addition, from the theoretical point of view, we usually have the family universal squark and slepton soft masses in the string model building. Therefore, as in the mSUGRA/CMSSM, we consider the following universal supersymmetry breaking soft terms
We consider the NUH-NMSSM in this paper: the Higgs soft mass terms m 
where the last five parameters are taken at the GUT scale.
Next, we consider the R-parity violation. The most general renormalizable, gauge and Z 3 invariant, and R-parity odd superpotential terms in the NMSSM are [24] 
where λ i , λ ijk , λ ijk , and λ ijk are Yukawa couplings. In the above Eq. (18), the first three terms conserve the baryon number while violate the lepton number, and the last term conserves the lepton number while violates the baryon number. Thus, to forbid the proton decay, we require either baryon number conservation or lepton number conservation, i.e.,
we turn on either the first three terms or the last term in the above superpotential [24] .
The alternative ways are to consider the minimal flavour violation [25] or discrete Z N Rsymmetry [30] . In particular, the λ ijk and λ ijk terms can contribute to the anomalous magnetic moment of the muon (g µ − 2)/2 and generate the neutrino masse and mixings, and the λ ijk and λ ijk terms can contribute to the b → sγ, etc [24] . We would like to point out that the NMSSM with R-parity violation has been studied before [31] , and the NMSSM with baryon number conservation is similar to the µνSSM [32] .
In this paper, to increase the SM-like Higgs boson mass while keep the sparticle spectrum light, we will concentrate on the natural and realistic NMSSM with the following properties:
(1) tan β is not large so that the SM-like Higgs boson mass can be lifted via the tree-level (2) The second lightest CP-even Higgs boson is the SM-like Higgs particle, and then the SM-like Higgs boson mass can be lifted via the mass matrix diagonalization from Linear Algebra. However, in such kind of viable parameter space, the muon (g µ − 2)/2 is generically small due to not large tan β. Thus, to increase muon (g µ − 2)/2, we need to introduce R-parity violation λ ijk and λ ijk terms in Eq. (18), which will be studied elsewhere.
Interestingly, we may explain the neutrino masses and mixings simultaneously.
IV. χ 2 ANALYSES FOR THE PHENOMENOLOGICAL CONSTRAINTS AND EXPERIMENTAL DATA
We will consider the χ 2 analyses for the phenomenological constraints and experimental data in all three scenarios. For our numerical calculations, we use the NMSSMTools version 3.2.0 [33] .
In the original package, the points are survived if they satisfy several phenomenological and theoretical constraints. Table I shows the ATLAS and CMS
Higgs decay channels that we will consider. 
Channels ATLAS CMS
5. The cold dark matter relic density is 0.112 ± 0.0056 from the seven-year WMAP measurements [34] . For the dark matter, we treat it in three different scenarios, as shown in the Table III . In Scenario I, the lightest stable neutralino is required to have the correct dark matter relic density. This is considered in the global χ 2 . In Scenario II, the relic density is required to be smaller than the 95% C.L. experimental upper limit, which assumes multi-component dark matter. In Scenario III, the relic density is set to be free, which corresponds to the R-parity violation case. Constraints of effective Higgs self-couplings in MicrOMEGAs and spin independent dark matter direct detection of XENON100 experiment [23] in the NMSSMTools package are adjusted according to different relic density treatment as shown in Table III . The χ 2 is constructed as: Note that the current top quark mass m t is 173.5±1 GeV, we shall choose the central value m t = 173.5 GeV in numerical calculations. We emphasize that the SM-like Higgs boson H 2 mass will increase and decrease about 1 GeV if we choose the upper limit m t = 174.5 GeV and low limit m t = 172.5 GeV, respectively. Thus, the SM-like Higgs boson H 2 mass range from 124 GeV or 127 GeV is fine. Moreover, we define
where XX can be γγ, Z 0 Z 0 , W + W − , bb, and ττ .
We present the R 21.16, 19.35, 19.67 for Scenarios I, II, III, respectively. The magenta region corresponds to R γγ > 1.4, R V V < 1.1, R bb < 1.0, R τ τ < 1.0, Mt = m
min + 4, and ∆ FT < 50. In particular, the small χ 2 and ∆ FT < 50 are not compatible with each other in Scenarios I and II due to XENON100 experimental constraint, and then only Scenario III has magenta region. In addition to the minimal χ 2 points, we consider three kinds of other benchmark points:
• Benchmark points IA, IIA, and IIIA have small χ 2 , relatively small ∆ FT , the light stop mass around 200 GeV, and the first two generation squark masses lighter than about 1.1 TeV.
• Benchmark points IB, IIB, and IIIB have small χ 2 , relatively small ∆ FT , the light stop mass around 200 GeV, and the first two generation squark masses heavier than about 1.1 TeV.
• Benchmark points IC, IIC, and IIIC have small χ 2 , relatively small ∆ FT , and relatively heavier light stop.
We present the minimal χ 2 point, and three other benchmark points in Tables IV, V, and VI for Scenarios I, II, and III, respectively. Moreover, we study the constraints from the LHC supersymmetry searches, and find that only the benchmark points IA and IIA are excluded by the current LHC supersymmetry searches [4] [5] [6] [7] [8] . Because the benchmark points From the viable parameter space in Figs. 2, 3 , and 4, we find that tan β is generically smaller than about 4.5, and then we have the small anomalous magnetic moment of the muon (g µ − 2)/2, i.e., ∆a µ < 4.0 × 10 −10 . Also, we notice the correlation between R respectively. Thus, we can understand why the LHC supersymmetry search constraints are relaxed: the branch ratios of the first two generation squarks decaying directly to the LSP neutralino and quarks are very small around 1%, and the dominant decay channels are Wino-like chargino/neutralino and quarks. And then the Wino-like chargino and neutralino will decay into quite a few jets or leptons via the light chargino and neutralinos. Also, gluino will decay dominant into the stop and top quarks, which have long decay chains as well. Therefore, the LHC supersymmetry search constraints can be relaxed. The detailed LHC supersymmetry search constraints will be studied elsewhere. Moreover, because the LSP neutralino has relatively large Higgsino components due to small effective µ term, the XENON100 experiment gives strong constraint, for example, the spin-independent LSP neutralino-nucleon cross sections are larger than the XENON100 experiment upper bound in the bencharmark points IIIχ 2 min , IIIA, and IIIC [23] if R-parity is conserved. This is another reason why we get better points in Scenario III than Scenario II. In Scenario III, the constraints from the LHC supersymmetry searhes and XENON100 experiment can be escaped, and the R-parity violating λ ijk and λ ijk terms can increase (g µ − 2)/2 and generate the neutrino masses and mixings. Therefore, Scenario III with R-parity violation is more natural and realistic than Scenarios I and II.
V. CONCLUSION
We pointed out that as a solution to the SM fine-tuning problems, supersymmetry needs not to provide the dark matter candidate, i.e., R-parity can be violated. Because the NMSSM can explain the Higgs boson mass and decay rates better than the MSSM, we considered three kinds of the NMSSM scenarios. To satisfy the phenomenological constraints and fit the experimental data, we studied the χ 2 analyses for all three kinds of Scenarios, and showed that the Higgs boson mass and decay rates can indeed be explained very well.
For the small χ 2 values and fine-tuning around 2-3.7%, we obtained the viable parameter space with light (e.g. less than about 900 GeV) supersymmetric particle spectra only in Scenario III. With the small χ 2 values and fine-tuning around 1-2%, we got the viable parameter space with relatively heavy (e.g. less than about 1.2 TeV) supersymmetric particle spectra. Especially, the best benchmark point is IIIA, which has almost minimal χ 2 and 3.7% fine-tuning. The correct dark matter density can be realized in Scenario I as well. The generic features for the viable parameter space with smaller χ 2 are that the light stop is around 500 GeV or smaller, the singlino and Higgsino are light chargino and neutralinos, the Wino-like chargino is heavy, and the Bino-like and Wino-like neutralinos are the second heaviest neutralino and heaviest neutralinos, respectively. Thus, we found that the LHC supersymmetry search constraints can be relaxed due to quite a few jets and/or leptons in the final states in Scenarios I and II, but the XENON100 experiment still gives strong constraint on the dark matter direct detection cross sections. Moreover, tan β is not large and the second lightest CP-even Higgs particle is SM-like so that the SM-like Higgs boson mass can be lifted. However, the extra contributions to the muon (g µ −2)/2 are smaller than three sigma low bound in general due to relatively small tan β. With R-parity violation, we can evade the LHC supersymmetry search and XENON100 experiment constraints, and the R-parity violation superpotential term(s) may increase (g µ − 2)/2 and explain the neutrino masses and mixings. Therefore, Scenario III with R-parity violation is more natural and realistic than Scenarios I and II. 
